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Evaluation of an Observation-based Climatologv Model for lrdlcti,

Visib I i tv for Data-void Locat i on. in Cermanv

by

S. J. Bean and P. N. Somerville

University of Central Florida

1.0 INTRODUCTION

1.1 Review of Problem

A goal of the Air Weather Service has been to achieve a capability to

determine the climatic probability of above-threshold conditions of the weather

relative to the success of an Air Force flight mission, anywhere, at any time,

expeditiously. Such a capability would materially heighten the effectiveness of

a weapon system, since it is well-known that the environment can both degrade and

enhance system effectiveness.

One method of summarizing or compacting the huge volume of historical

records is by means of empirical cumulative distribution functions (cdf's). An

empirical cumulative distribution function is simply the tabulated cumulative

relative frequencies, or probabilities that a given variable will fall below

specified values. Somerville and Bean (1979) have demonstrated that a number of

climatological variables may be modeled with closed form distribution functions.

For a given location and time (e.g., month and hour) the historical observations

can be used to estimate specific model parameters.

Somerville and Bean (1981) used the Weibull distribution to model

visibility in Germany for 30 stations. The cumulative distribution function for

the Weibull is given by

F(x) 1 - e -
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where and are const ants. Va luos of a and are derived for each stat ion,

for onich month and eaich o t the- eight 3-hour periods of the day. Thle probabil Iitv

oi visibilitv less than : miles is then obtainied by substitution in F(x).

I1.?2 Xothiq of Extending Visibility Probabi lities to Data-.'oid Regions

A !lioro diffi cult problem is to develop models which can be used to

,st imat e probabilities for locat ions where recoreds present ly do not exist. Somer-

vill .17an) Bean (1q31) developed two models for Germany. Thirty stations for which

vi si 1)i Iiv recordS were ava [ilable were usod in the development of the models. Fo r

eaich of t le stat ions, for a speci fied month and hour period, The Weibul I distribut ion

W..;as usd to model visibility. That is, a value for each of ai and ,i was obtained.

liat H11 011ot:1 ind t h, va I ties for a and A, these vatues were repressed on a set of

variables which wcre thought to have a possible influence on visibility. These

included elevat ion, elevation relative to the average elevation on a circle whose

radiuis is 20 kilometers from Ohe station, east-west and northl-soutn elevation

ditterenc ,, popuilation density, relative humidity, proximity to a major body of

watcr, meain wind spoted. mean precipitation, latitude, longitude, and functions of

and I t ev act ions between the above. A stepwise regression program was used to

sc lect which of toe variables could be uised as predictors for a specified monthl

aind hour poriod. 1:inl I V. A Spec ial I y designed least squares non-l inear regressi on

program wa',: use d to simultaneouis l determine the regression coefficient in the

formit as for x and t . This model was named the "variables model. The coetf fic i ots

and the regression models are given it: the above referenced paper.



A second mode I , named the "constants mod I " wa.s a I .,) devel oped . lirt,

only month and time of day were considered. That i ,. t info rmat ion reg ,ril ri)

elevation, humidity, wind speed, etc., was used. For each month, anod tine ot

day, non-linear regression was used to determine the, "best " vi 1 uts for ;ind

These were also tabulated in Somervi I le and Bean ( 1981)

In either model , extension of the cI imato 1 ogv was accomp] ished .

obtaining values for ,t and f at the data-void stat ion, and then usin the W.ibul I

distribution to determine the desired visibility probabilities.

In this manuscript we wili restrict otirseolves to the evaluation of the

constants model. Evaluation of the variables model will be given in a furturc re.porl.

2.0 EVALUATION OF THE CONSTANTS MODEL

Two methods were used to evaluate the model. First, '30 stations were

used as a "calibration" set, and the resulting constants model was utsed on a se.co nd

independent "evaluation" data set of 30 West Cerman stations. Second, sample re-us,

was used to evaluate the constants model. From the 60 evaluat ions one "overtl I"!

RIMS (Root Mean Square) of the method was obtained. Sample re-use (omct imes ,-,illed

cross-validation) is a relatively new technique which makes it pos!,ibllc to use the

same set of data for "calibration" and "evaluation". Briefly, if there is a tot;l

of n stations, n separate soliutions are obtained. For each soltition, one stati,,n

is used as the evaluation set with the remaining n-I used is the calilbratior set.

Using the method one can obtain the Root Mean Square (RMS) error of the modeling

procedure for eich station. Tie hidividlr;r RMS errorr mriIv t hrn bte korrrb Iled to
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obtain an overall RMS error for the procedure. For future use the recommended

model is the one using all the stations for the calibration set. For a good

account (" Lhc sample re0-us,' technique, papers by Stone (1974) and Ceisser (1975)

are recommended.

Th Iirt Cv;i at ion method gave some encouraging results, and it

also intlitca ed some way's we may improve the model. Exhibit 2.1 gives the RMS

of the probai l ity estimacIes for each station taken over all months and hour periods

Wi h the OeOptiuo Of hOur periods I and 2. The data for these early pre-dawn hours

are frequvntlv nissing, and they were, therefore, eliminated from the study.

Stat ions '4, 13, aod 26 stand out as very poor t its which inflate the overall RMS

ons idcrahly. 'hilese three stations are much higher in elevation than the other

.tations in the ,studv. Also, they are much higher than the surrounding area. These

factors seem to give rise to much different visibility conditions than the other

areas in the studv.

ExhiHit 2.2 gives the resulting RMS values averaged over all stations

ii the ,%'aluation set 1 or each month and hour periods 3 through 8. The overall

,.MS (,I . 10 c.,mp.ires favorablv with the calibration data set overall RIS of .063.

The iodt! o,vously does not fit as well on the evaluation set, and we certainly

'ohid not cxpect that it wonld.



St at ion rS

I AACHENP DL .0/4
2 BREMENY GER .0-5

3 LINGENP GER .01oso
4 KAHLER ASTENY GER .241
5 AIGEN ENNSTALY GER .109
6 FLEZEN / EDF:AY CZ .110
7 BREMGARTENP GER .052
8 OEBERSTE'ORF9 GER .107
9 KONSTANZP GER .054
10 INNSE4RUCK9 OS .05/2
it SALZBURG, OS .071
12 PASSAU9 GEF< .05
13 FELDBERG? GER 2'
14 NEUHAUSEN9, EL .0-75
15 NURBURG* GER .076
16 KOBLENZs, IL .083
17 GIESSEN9 GER 08':'
18 HERSFIELD9 PL . 068
19 KISSINLENP DL .06&s3
20 COBULRGY GER .05:3
21 HOFP GER .5

22 BERUS, GER .061
23 KARLSRUHEP GER .06'3
24 OHRIN6ENP GER *057
25 STAUBINGt GEIR 100
26 GROSSER FALKY GER .249
27 LAHRP GER .057
28 LAUDHEIMi GER .054
29 KAUFBEURENP DL .066
30 MUHILIORF, GER .051

Exhibit 2.1

overall RNS For Each of The '30 Stat ions

in The Evaluation Set
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06-08 09-11 12-14 15-17 18-20 21-23 all

I I I t I 4 4

Jan .137 1 .130 I .130 I .134 I .134 I .149 I .136 1I I I I I 4 4

4.---------- ----- 4----.- ----------
SI I I I I

Feb .136 I .126 1 .123 1 .125 1 .124 1 .138 1 .129 iI I I I I

I l I I
Mar I .124 1 .119 1 .107 1 .105 .113 1 .127 I .116 I

- I I I I I I

iI I I I I I
Apr I .124 I .112 1 .096 1 .092 1 .099 1 .104 I .105 1

I I I I I I I I

4 4 I I I I
Mav i .114 I .097 I .079 I .067 I .076 I .092 1 .089 1

4 I I I I II

---------------4------ ---- 4--II I I I I

Jun I .112 1 .092 1 .071 1 .058 I .070 1 .084 1 .083 II I 4 I I

-------------------- ---- ----- 4--4 4 4 I I I I
Jul 1 .106 ..083 1 .063 1 .051 1 .056 1 .075 1 .075 14 4 I 4 I

- 4---------------------- -------
SI 4 4 4 4

Aug .099 I .082 I .064 I .058 1 .068 1 .077 I .076 I
I I 4 4 I 4

I I I I 4 4 4 4
Sep 1 .115 1 .090 I .074 1 .067 I .085 1 .102 I .092 I

- - --- 4 ---

Oct 1 .113 1 .111 1 .097 1 .095 1 .101 1 .121 I .107 1
I I I I I I I I

I I t 4 I
Nov 1 .136 .132 1 .130 1 .131 I .136 1 .146 1 .135 I

l I I I 4 I

- - - -- - - - - - - - - - - - - - - - - - 4
Dec I .131 I .124 4 .124 1 .127 1 .128 4 .145 1 .130 1

4 I 4 I I 4

4- ----------------------- -- -- ---------I I 4 I 4 4 4 I

all I .121 1 .110 1 .100 1 .097 1 .103 I .116 4 .108 1
4 I l I 4 4 4

4----------4-- --- 4 -----------

Exhibit 2.2
RMS Over All Stations in the Evaluation Set

By Month and Hotir Period (LST)
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The results for the sample re-use evil at ion weiri comp;irabel to those,

for the first studv. The RMS values for each of the 60) stat ions v rai.,d ,,r ail

m..nths and hour periods 3 through 8 are given in Exl bit 2. 1. The RYS v Oit,,

all 60 stations for all months and hour periods.- throui.h 8 art, iiveu if ,.:.i .

The RMS values corresponding to sample re-use (.xNhlbit 2.4) are etit, ri a 1 c s'It .

than the results using the second 30 stations for eva lutiltikOtt (Exiit ii 2.'). "!2)i

is ma inly> due to the larger sample size ill t itlse p re-ulse evali ta t i''i. !i li

sample re-use evaltation makes use of 59 stations to buil i l Vod1 wi t en.a tht'

first procedure makes use of only 30 stations in the model estimat ion

Exhibit 2.5 gives the values of x and [- for the constants me or

each month and hour period where all 60 st ations are used for tie cal ,n sit

Exhibit 2.6 shows the location in Germanv which were tist(] in leel ,p i i.

the models evaluated in this report.

'II
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, Rb6 1 8,.. uHkR 41 8' -12. 60

1) 0" A,h0 Of lh t 48. k7t -7 .3AS

,,- IAU I HFIM. CL k 48 .22 - 93 4

lC"'3 KAUF P-II F N, 1L 47 87 -1 6 '

10877 MIH11IOF' .kER 48 .25 -12.55 091

i,0 (I h HVHN Ail 49.95 -7 .27 C4P'

10610 kIIb,IhG Ab 49.v5 -6 57 .050
0614 KRMSIFI1N Ab 49.43 -7 .58 064

I ',"SO7 c ANC-IAhl EMP Ali 49 .97 - 6 ."'0 .0t"

10384 TEMPFI HOF AF'T 52.47 -13.40 0

10'55 ANbACH AAF 49.32 -10.63 .071

10544 HO I1A AAF 50.53 -9.63 .0o6

10069 K D ING AS 48.32 -11 .9- ,0

10'65 '-u Ul AA' 49.38 -11 .18

0618 IA.jrI A IF.R AAF 49.,5 -7 . 1 3)
10,-,26 .41 ?'RFIJZNAOH AAI 49.8' -7. .

10971 A[' 1tLI AAF 47.77 -11 6" 123
SC07 14 I W F' I C, t\,F N ;4 1 49 . - -7 .40 .4

10633 w T. rAlfN 81 50 .5 - .33 ,,t'0

'06 13 1 NT HN AA 49.97 -8. 15 '
:73 t, I H' AAF 4Y.50 -10.95 )Q

10,47 HANAII .A* 50.17 -8 .95 .4

1)5 A 781.118118 f8 46.45 -10.67 1 0Y
P6IS I Af'; , f'. AIJX AF 49.67 -9.8S 5.a

:0614 l' I, [N ]HK AAt 49.70 -II .95 073
01,34 tl I[ 1 eg,, I I ,14" . 49.40 -8. 65 041

10752 1[L iES"' I M , 49,4 ' -10 38 1 4Q

10659 ,ITZN (I FN AA 49.75 -10 :20 ''.
10 76 3 N iI R HEB F R6 4 9 . 0 1 .08 0--"e

13 /2 9 6,tEMAN AAf 49.5? -8.47 1 1

10657 wERTHEIM AAF 49. 77 - 48 z

10745 !iCn A FV II'- HAIl AA 49.17 -9. 78 .0/7

10712 StMiACH AP 49.52 -7.87 _,?

10862 SIEGENPERO 5)NNF1RY 48.-" -11.80 : 7
10738 EOHTERDINGEN ARFT 48.68 -Q.22 "

Exhibit 2.3

0ver;i II RMS For Each of the Stations

(Sample Re-use)
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06-08 09-11 1 - 14 1 -1 7 10 20 211 . 1 1

- - - -- - - - - - -- - - - -- --
I I I I

Jan I .126 1 .119 .114 I .113 1 .124 .1 e .!28II I I I
f .. .. .. .. .. .. + -......----.... . . . . . .. 4

+----+-------+---------------- --- --

I I I I I I IFeb 1 .117 1 .105 1 .099 1 .099 1 .III1 .1,52 1

I I I I I
II I I

Mar 1 .103 1 .097 1 .087 1 .083 1 .094 1 .116 1 .09-

I II I

4-------------+ - --- ------- 4I I g

Apr 1 .101 1 ,089 1 .074 1 .072 1 .080 1 .0839 1 .0B5 1

I I I

+-------------- ----------- ------

S I I I I

Maw I .093 .076 I .060 1 .051 .060 I .077 .071 1

r I I I I

I I I I I I I
Jun I .094 1 .073 1 .054 I .045 1 .056 I .070 1 .067 1

I I I I I
Oc .10.. I ... 9. I .08.. I .078. I .100. ..... 4 ... 0..

I I I I I I I

------------------------- +-- ---- +--

I I I I I I I

JulI .0.. f .106 .04 1 .10 1 .047 1 .06.. 1 .011

fI I I I I+---4------- --- ----------

f I I I I I I
ti 1 .113 1 .1070 . 1 1 .104 .1 1. 0 .1.... 0 .06.1.

I I I I I I4-------+--------- +---

Sep 1 .106 1 .065 1 .064 1 .053 1 .074 1 .097 1 .082 1

Oc .100. .097. .082. 1 .078. 1 .100. f .134. .100. 1

I I I I I I I

Nov I .104 I .098 I .082 I .079 I .100 1 .11 1 .096 I
I I I I I I INovc 1 .113 1 .107 1 .106 .108 1 .115 1 .165'1 . 121 1

4-------------4----- ----------- ,

allc I 11 ,10 .09 .01 .079B .090 .119 .096

Exhibit 2.4

RMS Over All Stations bv Month and Hour Period

(Sample R'-Iusc)
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,)6 08 ,' Ii 12- 14 1-- - - - - 0- - --13

al-la,141 2 3 .18 .1/2 .190 ,

1,.ta *'.".4 .799 .895 i.891 I .909 .d66
I I I

- - t- - - - ..-4
i I I

1 : -haI . .239 1 .140 .123 .141 ,1621

/I . 34 I .834 1 957 .743 1 .Y46 .887
I I I

t ~ ~ - i + - - . . .

Miar jlhal .l61, .131 1 .066 i .06 1 .068 .072
beta 1 .8355 i .954 1.078 I 1.036 I 1.043 1,089 I

t . . . .-- . . .- - - - --- - - " . ..- - -- - - -- - --

------------------------------------

II I

iA.r a1-na I .128 1 .067 .041 I .039 I,044 I .045 I

M t eta 1 .9 0 1.082 i1.000 1 .901 .945 I 1.08

t ------- +----------+-----------t--------------------

iII I I I

Ma' f F a, .0.. .039 1 .029 i .012 1 .029 1 .036
beta I .938 1,134 .934 .939 .914 I 1.049 I

I I I I

+----- ------ ---------- 4---------+--------------------

i I I I I

J,81 Flhal .093 I .032 .021 .017 1 .022 I .026 1

'eta 1 .0384 1 1.21 1 1.122 1 1.127 1 1.104 I 1.290 I

III I I

+-------------+---- ------ +----------+----- ----------------

II

J,.l al.-hal .079 .027 , 016 I.013 I .016 I,019 I

.eta I 1.147 I 1.338 I1.201 1.208 1 1.239 I1.414 1

II I I I

A-s dl-hal .137 I .039 1 .016 I .014 I .018 1 .027 1
beta i .952 I .341 I 1.408 I 1.342 i 1.352 1 .370

I I I I

--------------------------4---------

5eF aI haI .261 I .091 l.024 i .018 .027 .047
Oeta I . 9 I 1 05,2 1 416 I .394 1 377 i 1 304 1

bet I II

------------ 4----- ---------------------------------------I I

Oct alFhaI .351 .208 .078 1 .064 .095 .154

beta . 6 I .740 1.045 1 1.077 1.028 1 .849

S.----. ------------------ --------- 4

N v ,ilphal .2)54 1 ,2"23 1 .133 1 .129 1 .145 1 ,178 1
het a .661 .727 .859 .846 :.861 : .761

Dlec alphai . 2 .22 .163 1 .169 1 .183 1 .210 1
bet 1 . 84 1 .798 1 .894 1 ,8S7 1 .965 1 .;08 1

Exhibit 2.5

.i tlues tof q and (i for the Constants Model

bv Month and Hour



Exhibit 2. 6 West German Stations
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.i t ONC' SION" ANI N EI: NFD'.' NfATI ONS

I,. t oost ants .odei hais bee n .hown t; o ij e i ,. ,od resuIl ts I or est imat in

\'irioI -ruu:i vi. withI the except icn o1 some 8igi vr t evation :iru as. i C ciCIt-

the var i oles monel makos .ist of a number of characteristics of the data-void

location n l:d1Ir1i' t hat o' .levation, it is expectea to improve the fit over the

consa tSt rts (le I

One prob~cnm with tho variables model, however, is that many of the input

var iables may ILe is vt rd to obtain as information about visihi I itv. Two other

moelCIs should P-L iPuvs;l i.'it d to See if it is possible to imorove on the constants

modei ild ait the s;l;lt; irna niot require too much information: one is a model that

Uss; onV rapihical variables sucth as elevation and average elevation of the

srround i r a ear ; ;inothvr is a model based on cluster analysis. That is, the

known ( , -) parameters nizjht be used to determine regions of homogeneous visibility

ch.lracter i:t ics. Constants models could then be used on the individual regions

ind, as betore, sample re-use could be used to evaluate the results.
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